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NATIONAL ALVTSOKY C0MLTTT5E POE AERONAUTICS 


TECHNICAL NOTE NO. 1275 


A LIFTING-SURFACE -THEORY SOLUTION AND TESTS OP AN SILIFTIC 
TAIL SURFACE OP ASPECT RATIO 3 WITH A 
0.5 CHCKD 0.85-SPAN ELEVATOR 

By Robert S. Swanson, Stewart M. Crandall, and Sadie Miller 


SUMMARY 


An ele ctroma gnet i c -ana logy model of the vortex load, esti- 
mated from lifting-line theory with an arbitrary fairing near the 
elevator tip, on a thin elliptic horizontal tail surface of aspect 
ratio 3 with a 0. 5-chord 0.85-span plain elevator was constructed 
and tested. Tiie aspect-ratio corrections to the lift and hinge 
moments were calculated from the measured results. 

A comparison of the aspect-ratio corrections for the partial- 
span elevators was made with those previously presented for full- 
span elevators. The comparison indicates that the incremental 
difference in the lift parameters between the full- span and the 
partial -span elevators may be estimated satisfactorily by lifting- 
line theory. The incremental difference for the curve of hinge- 
moment coefficient against angle of attack is usually small. Only 
about 10 percent of the incremental difference for the slope of the 
curve of hinge -moment coefficient against elevator deflection is 
given by lifting-line theory; the total lifting-surface-theory 
increment is -0.0009 per degree for the configuration considered. 

Wind-tunnel results for a tail surface of the same plan form 
are presented. The differences in estimated lifting-surface aspect- 
ratio corrections for the full-span and the partial-span cases were 
checked satisfactorily by the experimental data. A few tests with 
a cut-out for the rudder were also presented. Tho effects of the 
cut-out on the hinge -moment characteristics were large. 


B1TR0DUCTI0N 


A method was presented in reference 1 for estimating the finite- 
span values of the lift and hinge -moment parameters of full -span 
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elevators from the section date.. The present investigation -was 
undertaken in order to provide some data from which the lift and 
hinge -moment parameters for partial-span elevators could he esti- 
mated. The case presented is that of a thin elliptic horizontal 
tail surface of aspect ratio 3 with a 0«5" c hord 0.05-span plain 
elevator. 


References 1 and 2 showed that it is necessary to use lifting- 
surface -theory aspect-ratio corrections to estimate satisfactorily 
the finite-span hinge-moment parameters. Lifting- surface -theory 
solutions are usually determined by a rapidly converging process 
of successive approximations, of which the first approximation is 
the lifting-line-theory solution. For partial-span elevators or 
flaps, however, the contour line3 of constant circulation strength 
(see references 3 and b) calculated by means of lifting-line theory 
have abrupt discontinuities near the elevator tip, as shown by the 


contour lines of the circulation function 


r 


in figure 1. Since 


max 


such sharp bends in the contour lines are smoothed out by aerodynamic 
induction, a more satisfactory loading may be obtained for the next 
approximation by arbitrarily fairing the contour lines so that they 
aro smooth in the region ^ust upstream of the elevator tip. The 
contour lines on the elevator itself are smooth and therefore need 
not bo altered. In ordei' to obtain some idea of the bost means of 
accomplishing this fairing, the three-dimensional pressure-distribution 
data of reference 5 for a rectangular wing with partial-span split 
flaps were integrated to obtain contour linos of constant circulation 
strength. For comparison, the contour linos for the experimental 
span leading, divided into flap-type and anglo-of -attack-type 
loadings (reference 6) by use of the principles of lifting- lino 
theory, we re also constructed. Both sets of contour lines are given 
in figure 2. In figure 3 are presented the contour lines of figure 1 
refaired similarly to the contour lines of the. -experimental data 
presented in figure 2. 


An electromagnetic-analogy model having the contour lines of 
figure 3 was then constructed and tested. The incremental lifting- 
surface -theory aspect-ratio corrections were determined by calculating 
the increments of chordwiso and spanwiso loading that would result 
for a lifting surface shaped to correspond to the difference between 
the measured dovnwash and the dovnwash determined from tho two- 
dimensional theories for the same contour pattern (fig. 3)* In the 
calculation of tho increments of the lift and hinge -moment parameters 
(additional aspect-ratio corrections), the difference between the 
dovnwash measured for tho faired contour pattern of figure 3 and tho 
downwaeh calculated from tho 2 two-dimensional theories for the same 
contour pattern are assumed to bo nearly equal to the corresponding 
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difference in the measured and calculated downwash for the contour 
pattern of figure 1. 

In order to provide ar, experimental check of the aspect-ratio 
corrections, some -wind-tunnel tests were made of a model of the same 
plan form and of WACA 0009 airfoil section, with "both full-span and 
partial-span elevators. The results, together with some additional 
data shotring the effect of elevator cut-outs, are presented in 
appendix A. 

The hinge-moment corrections for "feeler ailerons" (small-span 
viae-chord ailerons at the wring tips) designed to provide the stick 
feel for thin-plato, reetra ctalle-type, lateral-control devices are 
of current interest. In order to provide some data for these arrange- 
ments, the hinge-moment aspect-ratio corrections for a 0.5-chord 
0 . 15 -span feeler aileron on a wing of aspect ratio 3 are briefly 
summarized in appendix B. 


SYMBOLS 


T circulation strength 


lift coefficient 


c^ section lift coefficient 


C h section hinge-moment coefficient 


C h hinge-moment coefficient 


a 


0 


section slope of lift curve, per radian 


a 


angle of attack 


a, 


e 


effective angle of attack, radians 



a 


o 


two-dimensional angle of attack 


& 


elevator deflection 
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tab deflection 

vertical component of induced velocity 

Jones edge-velocity correction factor for lift (reference 7) 

effective edge -velocity correction for lift of elliptic ■wing 
with partial-span flap (see references 1 and 7) 

free -stream velocity 

chordwise distance from wing leading edge 

chordvise distance from wing leading edge to point at which 
downwash is desired 

span wise distance from plane of symmetry 
chord 

center-section chord 

root -mean- square chord of elevator 

span of tail 

trailing -edge angle, degrees 
dynamic pressure 
area of tail 
span of elevator 


hinge-moment factor for theoretical load caused by streamline- 
curvature correction (reference l) 

experimentally determined reduction factor for 5 * to include 
the effects of viscosity (reference 1 ) 

increment 

increment of parameter: value for elevator with full-span 
flap minus value for elevator with partial-span flap 
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A** 

increment of parameter.; value for elevator "with no cut-out 
minuo valuo for ©levs tor *with cut-out 


Parameters: 



p c z/ Sa o) 6 * a o 

C Z 8 * 

0**1*%, 

(“s), 
v '0% 

AA 1 

V 5 /c z | ~ 

(a~\ 

K s; 0l 

|/A\ I (**/*>. 

Wc L | " (oC L /cV, s 

C ^5 



(^ 1 %^ 


Tiie subscript outside the parenthesis indicates the factor held 
constant in determining the parameter. 

Subscripts: 


LL 

lifting- line theory 

XIM 

modified lifting-line theory 

LS 

lifting-surface theory 

strip 

strip 

max 

maximum. 

TE 

trailing edge 

e 

elevator or effective 

f 

flap 
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5 elevator-deflection-type load 

a angie-of -attack-type load 

da. incremental induced angle -of -attack- type load 

i induced 

SC streamline curvature 

Angular* measures are in radians in the text and in degrees in 
appendixes A and 3 and table I unless specified otherwise. 

ELECTROMAGNETIC -ANALOGY MOSEL 


Lifting-line-theory vortex pattern. . - The vortex pattern for an 
elliptic tail surface of aspect ratio 3 at zero angle of attack with 
a 0.5-chord 0.85-span e levator deflected is desired. In order to 
determine the vortex pattern, it is necessary to know the span load 
distribution as estimated from lifting- line theory and the chord load 
distribution as estimated from thin-airfoil theory. 

The span load distribution for an elliptic wing having an aspect 
ratio of 3 and a section slope of the lift curve of 2n per radian 
and with 0.85-span elevator was determined quite accurately- from 
unpublished influence lines similar to those of reference 8, but 
calculated for elliptic wings. The span load distribution, in terms 

c% 

of the parameter , is given in figure 4. 

C 


The chordwise circulation function 



must be known for both 


a flat plate at an angle of attack and a flat plate at zero angle of 
attack with a 0 .5- chord elevator deflected. The mathematical 


expressions for these functions are given in references 3 and 9, and 
curves of the functions as estimated from thin-airfoil theory are 
presented in figure 5* 


In order to construct the vortex pattern, it is necessary to 

determine how miich of the load ( ~ D f fig. lA at each section is 

\ c s a / 

elevator-type loading and hew much is angle -of -attack- type loading. 
According to the assumptions of lifting-line theory, the amount of 
elevator-type loading is that given by strip theory; that is, this 
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loading is equal to the tiro-dimensional loading with aerodynamic 
induction neglected. The induced loading is entirely angle-of- 
attack-type loading and is equal to the loading obtained by strip 
theory minus the actual resultant loading given in figure 4 . 


The strip-theory loading over the elevator 3pan in terms of 


the parameter 


ca 0 


c s a 


is equal to — (see fig* 4 ) 3ince a , = a by 


definition. The circulation strength of elevator-type loading there- 

c 


fore is equal to 


2T 


, CC Z Y , 


— . The circulation strength of angle-of* 
c„ 


attack-type loading is then equal to 



If all 


values of circulation strength are divided by the maximum value at 
the wing center section; the values of I" 1 /r y at any span-wise 


station -2— and at any chordwise station x/c can be determined 

b/2 y 

from figures 4 and 5 by the formulas that follow. For values of — — 
from 0 to 0.85, 



For values of 



from O.85 to 1.0, 



(lb) 


Contour lines of determined from equations (l) for this ccn- 

r 

max 

figuration are given in figure 1. 
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Modified l ift ing-line- theory vortex pattern . - A.s stated in the 
"Introduction, " it is desirable to fair the contour lines arbitrarily 
in th6 region just ahead of the elevator tip in order to simplify 
the construction of the model and to account approximately for the 
known smoothing effects of aerodynamic induction. The fairing over 
the region occupied by the elevator was not altered. The contour 
lines of figure 3 were obtained by fairing the curves of figure 1 
similarly to the contour lines of figure 2. The contour lines of 
figure 3 were then used as the first approximation to the circulation 
strength (called modified lifting-line -theory loading). 


Construction of Model 

An electromagnetic -analogy model (fig. 6) of the loading 
represented by the contour lines of figure 3 was constructed and 
tested. The model was constructed of 100 wires representing the 
incremental vortices. The wires used were B. & S. Wo. 15 gage 
(0.057 in. diam.) copper. The span of tho model was 100 inches, and 
the wake extended 2.1+ semispans from the leading edge of tho root 
section. The test setup, measuring equipment, and methods wore 
similar to those described in reference 4 . 


LIETIWG'-SIIBI’ACE -TKEOBY CALCULATIONS FOB DOWNWASH 


Because the additional lifting- surface -theory plan-form cor- 
rections are determined from the difference between the actual 
down wash measurements and the values estimated by lifting-line and 
thin- airfoil theories, it is necessary to calculate the dovnvash 
from these two-dimensional theories, as well a 3 to measure the 
downwash for the electromagnetic -analogy model* 


Down wash Calculated by Two-Dimensional Theories 

Lifting-lino -theory loading . - The downwash given by the 2 two- 
dimensional theories corresponding to the lifting-line- theory loading 
is, of course, equal to tho geometric slope of the surface times the 
freo-stream velocity. This value of downwash is everywhere zero 
except over the elevator itself. Over tho elevator tho downwash is 
equal to 57 where 
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and 


2 Ps trip 
cV 


2%; 


a 


cV a© 


and therefor© 


v 6 = SV 


2 %; a. 


Ncj c »a V 

The dovnvush in terms of a nondimensional parameter is thus 

wb \ 2 


Ur ) ' 

c i caA 

\ max /5 

( e \ 

V 2 V c e“/na* 

since 

r = p 

A max A TE 

and 

ca e a e 
c s ct a 

where 

0 

1 

II 

O 

/ ce e \ 

From figure 4, I 

s 

= 0*59? for 

V C S®/ 

' 'max 


( 2 ) 


‘'a 


for — = 0*5, fa®') = : and for an elliptic wing of 

c \ °/c l 2n 

c s g 

A - 3, = — « The increment of downvash over the flap there - 


b/2 3« 


fore is 


(ijM ■ 0-T78- 

\ “aOC/Q 
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The downwa sh corresponding to the spanwice distribution of T 1 ^ 

is just neutralized by the downwash corresponding to the bound 
vorticity of the induced load (of angle -of -attack type) . This down- 
wash must be calculated, however, in order to determine the modified 
lifting-line-theory downuash. 


The down-wash resulting from aerodynamic induction is equal 
to ckjV or /a - a e jV-. Over the sections of the model within the 

elevator span, a = j j and over the section outboard of the 

Z 

elevator, a = 0. For all sections 


a 


^TE 

c 7 cV 
t a 


since 


r TE = 2 


= _ C J. a a o cY 

2 


The induced downwash over the span of the elevator is thus 


wb 


21 


A 

1 

max/. 


l IL 



ca. 


c s a 


ti( '-2-\ / c % 


max 


and over the sections outboard at the elevator is 



(3) 


00 


These downwash parameters 9re plotted in figure 7* 
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Modified Ilf ting-line- theory loading .- The additional aspect - 
ratio corrections are determined from the difference between the 
measured lifting- surface -theory downwash and the downwash calculated 
from the two-dimensional theories for the modified, lifting- line- 
theory loading. The downwash corresponding to the arbitrary fairing 
of the contour lines (fig. 3) must therefore be calculated by the 
two-dimensional theories. Because the span leading was not changed 
by the arbitrary fairing, the component of downwash corresponding to 
tho spanwise distribution of Im™ (equations ( 3 ) and (4)) is 

■** J y 

unchanged. The chor&vise distribution between thfc stations -£-= 0.70 

b/2 

y 

and = 0.95 vas altered. 

b/2 

The procedure used in calculating the chord-vri.se distribution of 
the down-wash -was to plot the magnitude of the altered contour lines 
against the chordwise position in a form similar to figure 5 • The 
curve of TIT thus obtained can be integrated by means of the 

/ IlkiX 

Biot-Savart law to obtain the downwash at any point Xq as follows: 



The curve of TlT was integrated by assuming that each small 

segment of the curve could be approximated satisfactorily by a 
parabola, a procedure similar to that presented in reference 3* 


The sum of the downwash due to the bound vorticity TjT rmx 

given by equation ( 5 ) and the downwash induced by the spanwise dis- 
tribution of Prjrg (equations ( 3 ) and (4)) gives tho incremental 

downwash caused by modifying the contour lines of figure 1. The 
incremental values with the geometric downwash give the total 
modified lifting- lino-theory downwash. 


Values of nondimonsional downwash for tho first-approximation 
or modified lifting-line-theory loading aro presented in figure 8. 
The downwash curves are rather irregular, as might be expected, 
since tho fairing of the curve of TjT mfTl ^ va 3 done entirely 

arbitrarily and any slight errors in this curve show up to a very 
magnified scale in the downwash curves. 
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Dovnvash Measurements from Electramgnstic-Analogy Model 


The magnetic-field strength of the electromagnetic -analogy 
model va 3 measured at four or five vertical heights, 25 spanwise 
stations, and from 25 to 60 chordvri.ee stations. A number of repeat 
tests were made to chock the accuracy of tho mecsui'amonts, and 
satisfactory checks vere obtained. 


Tho measured data vere faired, extrapolated to zero vertical 
height, and converted to the nondimensioiial dovnvash . function 
vb \ 

- 1 as discussed in reference 4 . Corrections for the finite 



aax/Lg 


length of the trailing vortex sheet vere calculated and applied as 

indicated in reference 4 . The final, curves of f ~ J — — \ for the 

1 2T / 

\ ■ max /'LS 

tvo semispan3 vere then averaged and are presented in figure 9. 


Incremental Values cf Dovnwash 

In figuro 10 are presented tho incremental values of the 
nondimens i ona.l dovnvash Aj-~ — ^ as determined by taking tho 

difference betveen the lifting-surface-theory values of figure 9 
and the values obtained by the tvo - dime ns i onn 1 theories for the 
modified lifting-lino-theory loading of figure 3 . 


EEVEIOEMEHT OF ASPECT -RATIO CORRECTION FORMULA 
General Procedure 


The incremental lifting-surface-theory aspect-ratio corrections 
are determined by calculating the increments of chordvi.se and span- 
vise loadings that vould result from a lifting surface shaped to 
correspond to the differences betveen tho. lifting-surface-theory 
dovnvash and tho dovnwash determined from tho tx/o -dimensional 
theories, that is, the loadings of a lifting surface with shape 
given by letting the slope of tho surface equal the dovnvash ’ 
distribution of figure 10. 

Because the incremental aspect-ratio corrections are reasonably 
small, approximate formulas are usually used to evaluate them. The 
methods and formulas usually used are given in reference 1 and include 
first-order compressibility corrections (reference 10 ) . Some pre- 
liminary computations vere made by more exact methods for the present 
case, in which the dovnvash near tho elevator tip is so irrenular . 
These preliminary computations indicated that the corrections vould 
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not be given vith satisfactory accuracy unless the actual chordvri.se 
variation in downwash vras used. The following formulas are there- 
fore developed by use of thin-airf oil -theory methods (references 11 
and 12) . 

The following development of the aspect-ratio corrections was 
made by means of incompressible-flow relations. Hirst- order com- 
pressibility corrections may be estimated by use of the linear 
perturbation theory of reference 10 as vras done in reference 1. 


Lift 

The incremental correction to the lift of an elliptic tail 
surface is 




If A 

7t AE + 2 



c 

^•hmax c s 



( 6 ) 


Ac ^ 

where values of the parameter are obtained from the data 

2V 

^■max 

~W 

presented in figure 10 through the use of the relationship 



( 7 ) 


derived from thin-airfoil theory. (See equation ( 25 ) of chapter TV 
of reference 11 . ) 


Evaluation of ^ACl^ requires an estimation of the relation 

'L iS 

between ^max and the elevator deflection 5. In accordance with 


lifting-line theory, 
particular wing-flap 



combination. ) 


(See fig. 4 for this 
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Thus, 


and 


% = 0.59a 

a = 0.59(cc s ') 5 

'c l 




°B C lV 

2 


c g V 


c Q Y5( 1 . 517 ) 


( 8 ) 


In reference 1 are given values of the ratio 



for full-span elevators. If the assumption is made that this 
correction is approximately proportional to the elevator span and 
if the Jones edge -velocity correction is applied, a more nearly 
correct relation between Ijbqx and 5 can be obtained from the 
following approximation: 



bV 


Art 
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and 



W 


For tho present case of a horizontal tail of aspect ratio 3, "with a 
0.5-chord 0 .85 -span plain f .evator 



O.855 x Oj+1 


= 0.35 


(12) 


The lifting-line -theory value of CLg for an elliptic wing 
■with a partial-span constant -percentage -chord elevator is given hy 


( c L 5 ") = 

v °'LL 


ft bjb 

, x ef c 

1 r a 


W 2 / 


A + 2 


(13) 


for a lift- curve slope of 2 re. 


For the wing under discussion with a value of ( oHj ^ of 

Na ■ ‘-t 

and 

(Hr “ (Hl - KL • 2 - 52 


7X + 2 
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If it is assumed that the concept of an effective edge-velocity 
correction (see reference 1) can he used in the partial-span-flap 
case ; then 



0.93 >< 2r.(a^) A 

v^v ci 0.93(x+2)A 


^ P 




O-p 


AE P „ + 2 
e £ 


52 


which gives for E e ^ a value of 1.23. Thus, for section slopes of 

the lift curve not equal to 2tc, the following assumption may he 
made: 



(14) 


Hinge Moment 


Determination of (Cl, 




LS 


The lifting-surface-theory hinge- 


moment parameter ( Cw . ) is given hy the e:cprc 

v ' IS 


esion 



(15) 


Because the contour linos over the elevator were not altered from 
those computed for the lifting-line-theory load, the lifting-line- 
theory value of the hinge -moment coefficient for the modified load 
is identical with that for the unmodified load. This value is 



(16) 
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From the wing geometry 



1.55 


From tho dcwnvash curve 3 of figure 7 the integral may he evaluated 
as 0.2215. This evaluation assumes the span- load curve to he 
unchanged hy small changes in the slope of the lift curve. Equa- 
tion (15) may ho written as 



% 


0.2'^Cv + 

I1 CC. 



(17) 


The lifting- surface -theory correction^ 
hinge moment against elevator deflection ^A Cj 

hinge moment of a 50 -percent - chord elevator on a surface, which is 
given hy the difference in the measured downwash and the lifting- 
lino-theory downwash (fig. 10) . Over most of the wing, the difference 
in downwash is equivalent to a paraholic-arc-camher airfoil at an 
angle of attach. 


the slope of the 

is equal to the 


'IS 


The hinge-moment cor: actions are computed hy thin-airfoil- 
theory formula in two pa: ‘os (soe reference 1) as follows! 


“ (“^7^ + (“US); 


(18) 


SC 


The increment (AC- 


h§ ) . 


is obtained from the induced downwash at the 


ca. 

1 


0.5-chord point. The increment (AC h& \ is not a streamline-curvature 

‘ 'SC 

correction in the sense used in reference 1 , since the downwash curves 
near the outboard end of the flap define a somewhat irregular surface , 
not a parabolic -arc surface ♦ The hinge -moment corrections estimated by 
the two methods, although appreciable, are not too great j therefore, 
for the purpose of simplifying the system of notation and in order that 
the viscosity efficiency factor p for parabolic -arc airfoils can 
be used for the present case, the symbol is used to 


identify the part of the correction not given by ^ACt^ 
are computed, however, for the actual distorted surface. 
The induced-angle-of -attack correction is 


, , The numerical values of ( ACy,^ 

^ h ^ SC 


H 

03 



If the value of 
c/2 stations A 



given In terms of the increment 
^max 

and the value of 5 is 


'o 


W 


of downvash parameter at the 
obtained from equation (10), the 


following equation is obtained: 



By the use of the data of figure 10 the integral was evaluated; hence 


C 80 *)^ ■ •°- 017 ° I ’a 



!3 


53 

o 


ro 

ui 


( 21 ) 
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Ac 


where values of the parameter 


h 


are obtained from the data 


f-T /W 
max/ 

presented in figure 9 by means of the relation 


Ac- 


h 


2 ? 


max 


So 


A 


08 


J 


bV 


a . S 

O' 



0-5c 


(23) 


Numerical values of the parameter 



are presented in 


figure 11 for a 0«5"chord plain elevator as calculated from the 
thin-airf oil-theory formulas of reference 12. For flaps with 
overhang or internal balances, the changes in the parabolic-arc 

factor of reference 1 with the amount of balance can be 

M 2 

used. as a fair measure of the changes with overhang of the value 
of determined from equations (22) and (2j) • 

1 SC 


For a horizontal tail surface of aspect ratio 3; with 0.5 - chord 

0.85-span plain elevator having an assumed value of c^ = 2n 

<x 


and 



it + 2 

2ji 
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(^3)30 - o-soos per radian 


(24) 


The lifting- surface -theory value of the parameter is 


obtained by substitution of values from equations (18), (21), 
and (24) in equation (17) as follows: 

( c h 5 ) LS = c h 5 - 0.36lc hc + 0.2005 

In order to estimate for the plan-form corrections 

* 1»S 

from the section data with arbitrary values of c^, ( cxg^ , 

and c il3 the following expression may be used: 


(V) 


= Ci. 


LS 




l.lfae) 

' /c l Fn 

7— o h - 0.0487 - “ '' 


Woj 0l a 


(25) 


1 + 


Cl 


(c e /=r , ci - 


"a 


x + 


3rt 


where A = 3> T) = l- 0.0005 end values of are 

(c ,c) 2 

presented in reference 1. \ e / / 

Determination of (c h ) .-The lifting-surface-theory hinge- 

moment parameter ( Cn ) for an elliptic tail surface with a 

v a - LS 

partial -epan constant -percentage -chord elevator may be estimated 
from the relation 
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Values 


reference 1 and values of the ra 


of i 

L> lla Ascj- ; 


Full-span 



are presented in 


IPartial-span 


Full- span 


derived 


from the curves used in estimating the corrections presented in 
reference 2, are given in figure 12. 


The difference "between the aspect-ratio corrections for full- 
span elevators and partial-span elevators can he determined from 
the wind-tunnel data presented in appendix A fox- a condition 
directly comparable to the case considered in the present paper 


reference 1, some difficulty was encountered in checking the 
accuracy of the theoretical aspect-ratio corrections against 
experimental wind-tunnel data because of the scax-city of comparable 
section and finite-span data. Even the slight surface irregu- 
larities obtained in construction of two different models caused 
large enough changes in the measured hinge moments so that the 
accuracy of the theoretical aspect-ratio corrections was difficult 
tc evaluate. The accuracy of checking the difference in the 
corrections fox- the full -span elevator and the partial-span ele- 
vator, however, should be relatively good 3ince the same xnodel 
was used for both tests, the tip of the elevator being fastened 
to the elevator in one case and to the stabilizer in the other 
case. 

In table I is presented a summary of the lift and hinge- 
moment pax-amoters measured from the wind-tunnel data of figure 13 
and estimated by means of lifting-line and lifting- surf ace theories. 
No values wex-e estimated for the elevator with cut-out. In 
table II the incremental differences in the parameters for the 
full-span and the partial -span elevator arc given, and in table III 
the lift and hinge-moment parameters caused by cut-out are given. 
For the lift parameters both theories predicted appx-oximately the 
correct incx-ement; however, the slope of the hinge -moment coeffi- 
cient against elevator deflection estimated by lifting- surface 


COMPARISON OF LEADING- SURFACE -THEORY RESULTS 


VOTE VOND -TUNNEL LATA 


(A = 3, elliptic plan form. 
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theory is in much better agreement -with the experimental values 
than the slopes estimated by lifting- line theory. 

Only about 10 percent of the incremental difference for the 
slope of the curve of hinge-moment coefficient against elevator 
deflection is given by lifting- line theory) the total lifting- 
surface -theory increment is -0.0C09 per degree for the configura- 
tion considered herein. 

•The effects of the cut-out, especially upon the hinge-mcment 
characteristics, vere extremely large (see table I) and no adequate 
theory is available to estimate the effects of the cut-out. In 
addition, very little experimental section data are available for 
airfoil sections similar to those at the cut-out. The large effect 
of the cut-out indicates that lifting-surface -theory solutions such 
as are given in the present paper and in reference 1 are definitely 
limited to tail surfaces -without cut-cuts as -well as to small angles 
of attack and small elevator deflections. 


CONCLUDING REMARKS 


An electromagnetic-analogy model of the vortex load, esti- 
mated from lifting- line theory with an arbitrary fairing near the 
elevator tip, on a thin elliptic horizontal tail surface of aspect 
ratio 3 with a 0.5-chord 0. 85 -span plain elevator -was constructed 
and tested. The aspect -ratio corrections to tho lift and hinge 
momesnts were calculated from the measured results . 

A comparison of the aspect-ratio corrections for the partial- 
span elevators was made with thoso previously presented for full- 
span elevators. Tho comparison indicates that the incremental 
difference in the lift parameters between the full-span and the 
partial-span elevators may be estimated satisfactorily by lifting- 
line theory. The incremental difference for the curve of hinge- 
mcment coefficient against angle of attack is usually small. 

Only about 10 percent of the incremental difference for the elope 
of tho curve of hinge-moment coefficient against elevator deflec- 
tion is given by lifting-lino theory; tho total lifting-surfaco- 
theory increment is -0.0009 per degree for the configuration con- 
sidered heroin. 

Wind-tunnel results for a tail surface of the same plan form 
wore presented. The differences in the estimated lifting- surface 
aspoct-ratic corrections for the full -span and partial-span ele- 
vators were checked satisfactorily by the experimental data. A 
few tests with a cut-out for the rudder were also presented. The 
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effects of the cut-out, especially upon the hinge-moment character- 
istics, were extremely large and no adequate theory is available 
to estimate the effects of the cut-out. The large effect of the 
cut-out indicates that 1! f ting- surf a ce -theory solutions such as 
are given in the present paper and previously are definitely limited 
to tail surfaces without cut-outs as veil as to small angles of 
attack and small elevator deflections. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Ya . , August 20, I 9 L 6 
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APPENDIX A 

raro-orasHSL TESTS 
By E. Page Hoggard, Jr. 


The test- results presented heroin were obtained to check the 
theoretical changes in the aspect -ratio corrections resulting from 
the use of partial-span elevators. The effect of a rudder cut-out 
in the elevator was also tested to find out the order of magnitude 
of such a modification of the elevator. 


Apparatus, Model, Corrections, and Tests 

All tests were made in tho Langley 4- by 6-foot vertical 
tunnel modified a3 described in reference 13. The elliptic semispan 
tail surface (fig. 14) was constructed of laminated mahogany and 
conformed to the ITACA 0009 profile. In tho present investigation 
one elevator with a chord 50 percent of tho tail chord was tested. 
This elevator had a plain radius nose with a gap of 0.5 percent of 
the airfoil chord. The model was equipped with a removable cut-out 
block and an elevator tip block so that the four model configurations 
shown in figure 14 could bo obtained. The elevator tip block could 
be fastened to the elevato- or to tho main part of the" tail surface. 
The trailing-edge an fie c . the model measures 11.1°, whereas the 
theoretical trailing-edge angle (from the nublished ordinates) 
measures 11.6° for the MCA 0009 airfoil. 

The tail surface was installed as a reflection-plane model 
by mounting the model with the root section adjacent to one of the 
tunnel walls. This system is therefore analogous to mounting a 
6-fcot-3pan model in an 8- by 6-foot tunnel. The model was 
supported by the balance frame so that the lift acting on the 
model could he measured. The gap between the tunnel wall and the 
root section was about l/32 inch. 


The greater part of the elevator hinge moment (transmitted 
through a torque tube) was measured by applying weights at a know 
lever arm outside the tunnel; the additional increment was measured 
with a calibrated dial attached to a long flexible torque rod. 

Elevator deflections wore sot with an electric control-surface 
position indicator. 
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Each nodal configuration was tested with the gap open and with 
the gap sealed. The seal vas nude of impregnated fabric). The model 
was tested through an angle -of -attack range of ±20° with elevator 
neutral, and at zero angle of attack through an elevator-deflection 
range from -5° to 30°. 

A dynamic pres cure of 3-3 pounds per square foot, which corre- 
sponds to an airspeed of 71 miles per hour at standard soa -level 
conditions, was maintained for all tests. The test Reynolds number 

was 1.43 x 10 ^ based on a mean aerodynamic chord of 25.81 inches. 

The effective Reynolds number (for maximum lift coefficients) was 

approximately 2.76 x 10^ based on a turbulence factor of 1.93 for 
this tunnel. 

No correction was made for .leakage around the model support. 

The following tunnel-wall corrections were added to the data: 


Act - 2.184 Clj (for all four model configurations) 

AC^ = 0.013-4 Cjj-1 (full-span elevator without cut-out) 

AC’ n = 0,03.35 Ojjj (full-span elevator with cut-out) 

AC^ = 0,0159 CTjm, (partial-span elevator without cut-out) 

= O.OI63 Cjjrr, (partial-span elevator with cut-out) 

where Ct^ is the total uncorrected 3.j.ft coefficient. 3?or methods 

of calculating corrections for reflection-plane models, see refer- 
ence 14. 

Although the elevator deflection tests were rim with the 
geometric angle of attack at zero, the jet-boundary correction Aa 
given in the foregoing corrections indicates that part of the total 
lift and elevator hinge moment results from a jet -boundary induced 
angle of attack. The plots against elevator Reflection therefore 
were made and the slopes were road by using the test data as cor- 
rected in the following equations: 
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Data 

The lift and elevator hinge -moment characteristics of the 
model tested are presented in figure 13. The various parameters 
are presented in table I. The slopes vere determined for the small 
angle -of- attack and deflection range. 
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APPENDIX B 


ESTIMATION 01' C >; 

n, 


l a 


At® C } POP FEELER AILERONS 
n S 


Because the aspect-ratio corrections given in the present 
paper and in reference 1 aro obtained from a linear lifting- 3 urfa.ee 
theory, it is possible tc superimpose the lifting-surf ace -theory 
solutions and thus obtain the solution for 0. 5 -chord 0 . 15 -span 
feeler ailerons on a wing of aspect ratio 3 . Of course, the 
arrangement obtained by t v ■? U3e of superposition simulates two 
ailerons, one on each wing tip, deflected in the same my. A few 
calculations indicate that the mutual influence of the ailerons 
upon the hinge-moment characteristics may, however, be safely 
neglected. 

Detailed calculations of the aspect-ratio corrections for 
this arrangement are not presented bocau.se the procedure is similar 
to that used for the partial-span elevators as given in the main 
part of the papor. 

Because the data are for a rather low aspect ratio for a 
wing (A = 3 ). the results for the feeler aileron are mainly of 
comparative value. The incremental difference between the estimated 
finite-span values and the section values of the hinge-moment 
parameters (per degree) for the full-span elevator, the 0 . 85 -span 
elevator, and the 0 . 15 -span feeler aileron are as follows : 


Configuration 



■a 


Full-span olovator 
0 • 85 -span elevator 


O.OC 60 


0059 


0,0053 


0062 


0 . 15 -span feeler aileron 


0104 


.0090 


where the section values are 


c hg = -0.014 


and 


c h = "0 . 0104 
n a 


28 


MCA TN No. 1275 


The aspect-ratio corrections for the case of the feeler aileron 
are about 70-percent larger than for the case of the full -span ele- 
vator, The rather large values of the aspect-ratio corrections are 
shovn especially for the aspect-ratio correction to Ch a , -which is 

equal to the section value, so that the net value of Cp equals 0. 

‘GO 
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TABLE I 


PARAMETERS MEASURED FROM VOTD-TUNHEL DATA AND CALCULATED PROM THBQKETICAL DATA 


Calculations vere not made for the arrangements vith cut-out because of a 
lack of comparable section data and theoretical results. 


Lift 

Gap 




Cut-out 

Full -span flap 

Partial-span flap 

Full-span flap 

Partial -span flap 



Calculated 

Measured 

Calculated 

Measured 

Calculated 

Measured 

Calculated 

Measured 

(a) 

(b) 

(») 

(b) 

(a) 

(b) 

(a) 

(b) 

Scaled 

Without 

0.052 

0.062 

0.053 

0.052 

0.062 

0.053 

0.041 

0 # 0i»8 

0.042 

0.038 

0.045 

0.040 

0.005c 

Without 

.050 

.060 

.052 


,060 

.052 

.038 

.046 

.oto 

.036 

.043 

.038 

Sealed 

With 

.049 



.047 



.031 

— 

— 

.028 



. 

1 0 . 0 C) 5 c 

With 

.048 





.0U8 

— 

— 

.026 

— 

— 

.023 

— 

— 

Hinge -manent 

Gap 

Cut-out 

% 

% 

Full -span flap 

Partial-span flap 

Full -span flap 

Partial -span flap 

Measured 

Calculated 

Measured 

Calculated 

Measured 

Calculated 

Measured 

Calculated 

(a) 

(b) 

(«) 

(b) 

(a) 

(b) 

(a) 

(b) 

Sealed 

Without 

- 0.0037 

- 0.0065 

- 0.0044 

-O.OO37 

-O.OO65 

- 0.0046 

-0.0082 

- 0.0109 

-0.0087 

- 0.0073 

-0.0108 

-0.0078 

0.005c 

Without 

-.0043 

-.0066 

-.0045 

-.0042 

-.0066 

-.0047 

-.0078 

-.0111 

-.0090 

-.0068 

-.0109 

-.0080 

Sealed 

With 

-.0015 

— 

— 

-.0013 

— 

— 

-.0041 

— 

— 

-.0038 

— 

— 

0 . 005 c 

With 

-.0019 



— 

-.0015 

— 

— 

-.0056 

— 

— 

-.0052 

— 

— 


a Cctnputed by lifting-line theory. 
^Computed by lifting-surface theory* 
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TABLE H 


CO 

DO 


INCREMENTS Iff PARAMETERS CAUSED BY PARTIAL SPAN 


Gap 

Cut-out 

A, °i* 

A'C^ 

A,< \ 

A,c h B 

Measured 

Calculated 

Measured 

Calculated 

Measured 

Calc 

ulated 

Measured 

Celcul£ 

ited 

(a) 

00 

(a) 

00 

(a) 

00 

(a) 

(b) 

Sealed 

Without 

0 

0 

0 

0.003 

0.003 

0.002 

0 

0 

0.0002 

-0.0009 

-0.0001 

-0.0009 

0 . 005 c 

Without 

0 

0 

0 

.003 

.003 

.003 

-0.0001 

0 

.0002 

-.0010 

-.0002 

-.0010 

Sealed 

With 

0.002 

— 

--- 

.003 



-.0002 

— 


-.0003 



0.005c 

With 

0 

— 

— - 

.003 



-.0004 

— 


-.0004 




a Ccmputed by lifting-line theory. 
b Ccnputod by lifting-surface theory. 


TABLE HI 

INCREMENTS Iff PARAMETERS CAUSED BY CUT-OUT 


Gap 

Flap span 

a'Cl 

a 

a " c l b 

A " C ha 

A " c h B 

Sealed 

Full 

0.003 

0.010 

-0.0022 

-0.0041 

0 . 005 c 

Full 

.002 

.012 

-.0025 

-.0022 

Sealed 

Partial 

.005 

.010 

-.0021 

-.0035 

0 . 005 c 

Partial 

— 

.012 

-.0026 

-.0016 
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Fig. 1 



ed from thm- airfoil and lifting -line theories for an elliptic wing 
of aspect ratio J with a O f- chord O. Sd- span plain 
elevator. 


Fig. 2 
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(a) fJrperimental i/atues from integration of pressure 
distributions of reference d . 



(b) Con four t/nes computed from the erpenmenta! span loading 
of reference d and d/y/ded into the experimental chord 
loadings of reference 6 bp means of t be assumptions of 
lifting- One theory . 


Figure d . — Contour lines of the circulation function —£r 


fora rec tango /or rung ter . part- span split f/aps > ff- 6p 
~~ 0.6 • = o.2. 

6 s C 


r’rrwx, 
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Fig. 3 



Figure 3 Co /7 four fines of ff>e c iron faff on fund ion -~r~ used in cons true. t- 

' mar 


ing an e/ectromagnetic -analogy mode/ of an ei/ip/ic /ving of aspect ratio 3 
tyitf) a 0.5-cf/oro/ 0.35 -span efeuator. Contour fines are same as tf/ose 
of figure t from 0 <-lL- <0.7 m/th an arbitrary fa/r/ng from 


fl7 <Jr < t.0 . 


Fig. 4 
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Figure 4 ._ Span wise distribution of the span-toad function for an elliptic wing of 
aspect ratio rv/th cfn 0.83- span f/ap as estimated from tiffing -tine theory . a 0 - Ott . 
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Fig. 5 



Figure f ■ - C/ 7 ordtr/se a/fs/riibufion of the circi/taf/on 
function for a flat plate and for a 0.5~ Chord plain 

flap as estimated from thin -airfoil theory ■ 





Figure 6.- Electromagnetic-analogy 
elliptic tail surface of aspect 
0.85-span plain elevator. 


model simulating a thin 
ratio 3 with a 0.5-chord 


Oi 
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Nond/nnens/o/iof downwash; 
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Fig. 7 



Sporw/se stof/op 


Figure 7 - [foZues. of tfe ro rd/mensionoZ c/ownwasZi 
parameters (wf>/fffnox ) 6 and (Wd/ft/ ~mox)j LL 
co/cutoted for a tZvn e/Z/pt/c w/rg of aspect ratio 
3 w/tt; a O-S-cZyord e/euator . L /ft/rg- Z/re - tZieorg 
Zoadmg of figure / . 


Fig. 8 
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Figure Sr The rord/mens/oro/ dowrwosh (wd/fi ^ p 

coJcu/oted hg the two - duners/ona/ theor/es for o th/n 
etf/pt/c w/ng of aspect rat/o 3 with a O.d- chord 
0.85 -Span p/atn f/ap . Modified tiffing- //ne-theory toad/ng 
of figure 3. 


Nond/mens/onoi downwosh 
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Fig. 9 



Figure Qr The nond/mensiono/ downwash (gvh/TF^^ ^ 
determined from the e/ectromognet/c - ano/ogg 
mode/ of f/gc/re 6 for a thin ei/iptic wing of 
aspect rot/o 3 w/th a OS- chord 0.35- span 
pia/n eie/ator, 


Increment of nond/mensiona/ downwosh y 


Fig. 10 
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<0 



Figure /Q~ Tie /ncrement of nond/mens/onat doH/nM7Sf? 

) 

wL 


jr f L* / '/er o// 

A ffF) =(fr-) 

l F/noxJl_S ’ ^-'mcrx/LS ' x 




for o tfr/n 


e/hpt/c w/ng of aspect rat/o 3 w/tf a O.d- chord 
0.35-spon pZa/P e/evaton 


dch 
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Fig. 11 




p/a/n flap determined from tfm - airfoil theory . 


Fig. 12 
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O .2 .4 .6 .8 y fO 

Outboard e /era for t/p toe at/on ; 


Figure /Z. - F ffect of partial span on the stream- 
line- curroture correction to Cf/g- for ete rotors. 
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Fig. 13a 
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Angle of attack, o6 t deg 
(a) Sealed gap; S e -0° 

Figure M Aerodynamic characteristics of an ei/iptic semi- 
span horizontal toil surface with a partial -and full- span 0.50 c ptoin 
elevator and with and without cut-out. g - Id pounds per square 
foot j /} = <3 ■ 



Fig. 13a cont. 
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Figure Id. ~ Continued. 
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Fig. 13a cont. 



-4 O 4 & /Z /6 20 24 28 32 

Elevator deflection, 8 e ,deg 

(a) Continued. Sea/ed gap ■ 06 - 0 ° 


F/gure /3. ~ Continued 


Fig. 13a cone. 


NACA TN No. 1275 



~4 0 4 8 /2 /6 20 24 28 22 

Elevator deflection y 8 e) deg 

(q) Concluded. Sealed gop-^oi = < 9 ° 


Figure /Jr Continued. 
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Fig. 13b 



-ZO ~/6 -12 -8 -4 0 4 8/2 /6 20 

Ang/e of attack, oC, c/eg 

(b) O.OOdc gapjbe =°°- 
Figure Id -Continued. 



£fey&for h/nge -mome/?/ coeff/c/enf 


Fig. 13b cont. 
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Figure /J -Continued. 
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Fig. 13b cont. 



(b) Continued 0.005 c gap-.c£ =0° 

^ > NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 

Figure /J. - Continued. 


Fig. 13b cone. 
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-4 0 4 8 / 2/6 20 24 28 32 

E/evofor deflection , 8 e , deg 

(b) Conc/aded. 0.005c gap ^OC-O 0 > 

Figure /Jr Concluded. 




Figure 14. Details of on elliptic semispan horizontal loil surface with a parhal-ond full- span 0.30c pbin elevator with and 

without cut-out. A/AC A OOOQ section , Aspect' ratio =3 »' area =6 square Feet without cut-out , S.GO square feet with cut-out. 
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